INTRODUCTION
Fetal macrosomia, typically defined as birth weight greater than 4000 g, is a widely recognized risk factor for cesarean delivery, particularly among the largest infants. 1, 2 Although macrosomia is associated with numerous obstetric and neonatal complications, the optimal method of delivery has yet to be incontrovertibly identified for two primary reasons. First, antenatal diagnosis of high birth weight is problematic due to inaccuracies in sonographic methods among large infants and the poor predictive power of clinical examination and risk assessments in this population. 3, 4 Next, cesarean delivery is generally associated with increased maternal morbidity and may not effectively reduce complications associated with shoulder dystocia and/or brachial plexus injury. [5] [6] [7] Past research indicates that rates of cesarean delivery for all infants have been rising in the United States and other developed countries despite widespread recognition of this phenomenon and the implementation of national and local programs aimed at rate reductions. [8] [9] [10] Concomitant temporal increases in mean birth weights have also been reported with proportionate reductions in the number of infants classified as small for gestational age at term and corresponding elevations in large for gestational age percentages. [11] [12] [13] It is unclear to what extent increasing birth weight has impacted cesarean delivery rates as maternal age, anthropometric status, pregnancy weight gain and complications may potentially confound this relationship. [14] [15] [16] The objective of this study is to use national data in order to evaluate recent trends in the incidence of and risk factors for cesarean delivery in the US among three categories of macrosomic infants (4000 to 4499, 4500 to 4999, 5000 þ g), and to assess the risk of cesarean delivery across various time periods in relation to maternal characteristics, complications and obstetric procedures. The macrosomic categories were selected in accordance with previously published data indicating increasing risks of complications and adverse outcomes across the birth weight thresholds. 1 Since current data indicate that the rate of cesarean delivery is highest among non-Hispanic black women, 8, 17 we will further assess trends among white, black and Hispanic subgroups. Notwithstanding the host of information concerning secular trends in cesarean rates, temporal changes in the delivery method of high birth weight infants has not been fully explored and may provide important insight regarding the outcomes experienced by this population.
MATERIALS AND METHODS
The data used for this cross-sectional study were derived from the National Center for Health Statistics (NCHS) 1989 to 2000 US Live Birth files. 18 Term (37 to 44 weeks), single live births to US resident mothers were selected for analysis. We further selected for birth weights greater than 3000 g. After these selections, the sample included 34,115,588 normosomic births (3000 to 3999 g) and three groups of macrosomic births, 4,598,784 births (4000 to 4499 g), 764,883 births (4500 to 4999 g), and 84,619 births (5000 þ g). Since the sample size for this analysis is quite large, group comparisons will likely reveal statistically significant differences, even for very modest differences that may not be of clinical importance.
Maternal risk factors selected for this study include marital status, nativity, maternal age, educational attainment, primiparity, previous pregnancy loss, previous macrosomic birth, previous cesarean section, diabetes mellitus, hypertension, smoking while pregnant, and drinking while pregnant. Maternal educational attainment was classified as high if the mother reported 13 years of education or more. Low educational attainment was defined as less than 12 years of education. Adolescents were classified as having high educational attainment if they were 2 or more years above their grade level for age. Conversely, low educational attainment for adolescents was defined as having 2 or more years below expected grade level for age. The R-GINDEX was used to measure adequacy of prenatal care utilization. 19 This index assesses the adequacy of prenatal care utilization based on three variables (trimester prenatal care began, number of visits, and the gestational age of the infant at birth) and is recommended for use in assessing birth weight and gestational age-related birth outcomes. Gestational age in completed weeks was computed from the interval between the date of the last menstrual period (LMP) and the date of birth. 18 For records missing the day of LMP, a gestational age value was imputed when there was valid data for month and year of LMP. Where the LMP was unknown or incompatible with birth weight, the clinical estimate of gestation was used if consistent with birth weight. 18 The w 2 test was used to evaluate significant differences in the proportions of macrosomic infants delivered by cesarean section, maternal demographic risk characteristics, prenatal care utilization, and maternal and obstetric complications across the study period. Trends in binomial proportions of the proportion of cesarean deliveries across various intervals of the study period were tested using the Cochran-Armitage X 2 trend test. Multiple logistic regression was then used to examine the risk of cesarean delivery in relation to macrosomic birth weight categories (4000 to 4499, 4500 to 4999, 5000 þ g), numerous sociodemographic factors (maternal race, age, nativity, marital status and educational attainment), maternal complications (diabetes mellitus, hypertension, smoking during pregnancy, drinking during pregnancy), and obstetric complications (prolonged labor, dysfunctional labor, cephalopelvic disproportion, breech presentation, fetal distress). Macrosomic birth weight categories (4000 to 4499, 4500 to 4999, 5000 þ g) were entered into the logistic models as dummy variables, and normal weight infants (3000 to 3999 g) were used as the reference group. Gestational age was also included in the regression model.
In order to facilitate the assessment of trends, the study period was typically divided into three 4- 
RESULTS
Over the 14-year period, 19.4% of infants weighing 3000 to 3999 g were delivered by cesarean section, as compared to 26.6, 36.2 and 49.5% of infants weighing 4000 to 4499, 4500 to 4999 and 5000 þ g, respectively. The proportion of cesarean deliveries among 5000 þ g infants increased from 43.0% in 1989 to 56.0% in 2002. When the proportion of cesarean deliveries are classified according to macrosomic grade and examined in birth year intervals (Figure 1 ), only slight temporal changes are evident in birth weights less than 5000 g during 1989 to 2000 while significant increases were evident during 2001 to 2002. However, rates continued to increase across the entire study period among the highest birth weight category (5000 þ g). Figure 2 portrays trends in cesarean deliveries among macrosomic categories within white, black and Hispanic race groups. For each birth year analyzed, cesarean deliveries occurred with greater frequency among black mothers across all birth weight categories. Rates differed most significantly between black and white mothers and the disparities have increased over time. Table 1 depicts number and percentage of normosomic and macrosomic infants delivered during selected intervals from 1989 to 2002, and the median birth weight for each time period. The proportion of infants weighing 4000 to 4499 and 4500 to 4999 g decreased significantly ( p<0.0001) over the study period while the proportion of 5000 þ g infants remained unchanged. Table 2 portrays the demographic characteristics of the study population according to delivery method. Advanced maternal age (35 to 49 years), married marital status, and high educational attainment occurred with greater frequency among women who delivered an infant by cesarean section.
Cesarean delivery rates for various maternal characteristics according to macrosomic category are reported in Table 3 . A significantly greater proportion of black mothers delivered an infant via cesarean section for all birth weight categories. The rate of cesarean delivery was higher among unmarried women for all birth weights greater than 4000 g. Table 4 details the trends in the rate of cesarean delivery for macrosomic categories and selected maternal and obstetric The adjusted odds ratios for cesarean delivery as compared to vaginal delivery according to birth intervals are presented in Table 5 . After controlling for maternal sociodemographic risk factors, and complications and obstetric interventions, macrosomic infants were more likely to be delivered via c-section in every interval and these risks increased over time. For example, among infants weighing 5000 þ g, the risk of cesarean delivery increased over the 14-year contrast, obstetric complications such as prolonged labor, breech presentation and cephalopelvic disproportion significantly increased the likelihood of cesarean delivery, yet these risks decreased over time. African American and Hispanic mothers were consistently more likely than white mothers to have a c-section across all time intervals, and the risks remained relatively consistent over the study period. High educational attainment, foreign-born nativity, smoking during pregnancy, and previous pregnancy loss were weakly associated with cesarean delivery in this model. 
SIGNIFICANCE
Our findings indicate that, compared to normosomic infants, macrosomic infants have consistently been more likely to be delivered by cesarean section during the years analyzed. The rate of cesarean delivery among Grade I (4000 to 4499 g) and Grade II (4500 to 4999 g) macrosomia remained relatively unchanged until 2001 to 2002 when it increased significantly. However, the rate of cesarean delivery among the Grade III (5000 þ g) infants continued to increase throughout the 14-year period and may reflect enhanced understanding of the significant mortality risks associated with this population of infants. However, despite the observed increase in cesarean delivery among the largest subcategory of macrosomic infants, previous national studies have shown that the risk of mortality within this group of infants remains significantly elevated relative to the other macrosomic categories. 1 Thus, while cesarean delivery may mediate some of the adverse outcomes associated with this population of high birth weight infants, there exists substantial risk of excess mortality and morbidity risk among infants weighing greater than 5000 g.
For all years studied, black and Hispanic mothers were more likely to deliver a macrosomic infant via c-section than white mothers. In addition, the largest temporal increase in the frequency of cesarean delivery occurred among Hispanic mothers of 5000 þ g infants, with the rate rising from 52% during 1989 to 1995 to 58% in the subsequent 7-year interval. Moreover, after controlling for macrosomia and other pregnancy-related characteristics, the risk of cesarean delivery was substantially higher for black and Hispanic women relative to white women. The rationale for these findings is unclear and may be partially explained by genetic differences in body composition and/or anthropometric status among ethnic/race groups that may increase the risk of cephalopelvic disproportion and thereby elevate the rate of cesarean delivery. An alternate explanation may be derived from the findings of other investigators who reported that the presence of certain nonclinical factors such as maternal educational attainment, family income, insurance status and race were associated with increased use of cesarean delivery. [20] [21] [22] Data regarding the impact of hospital characteristics, physician practice styles and attributes of health care plans on the risk of cesarean delivery are mixed, but do suggest that other nonmedical factors may be associated with delivery mode. [23] [24] [25] Accordingly, it has been proposed that physician awareness of certain characteristics may contribute to a lower threshold for surgical delivery. 22, 26 This investigation is limited by the finite set of variables available on vital records for secondary analysis. As such, we were unable to separately assess elective and indicated cesarean deliveries and/or those with and without a trial of labor. In addition, our results may be affected by the possible misclassification, miscoding and/or under-reporting of vital record data. However, the accuracy of the delivery method variable on birth records has been verified, and there exists little evidence to suggest that maternal and obstetric complications are differentially reported across mode of delivery categories, particularly within large sample sizes. 27 Pregnancy weight gain was not considered in this analysis due to uncertainty regarding the accuracy of the variable as reported on birth certificates. 28 Prepregnancy body mass index was not included as prepregnancy weight and height are not available on birth certificate data.
The results of this investigation confirm previous reports of an elevated risk of cesarean delivery among high birth weight infants.
1,2 Furthermore, despite growing support for a trial of labor in uncomplicated, nondiabetic pregnancies, the risk of cesarean delivery among all macrosomic categories increased over the study period. The adjusted odds ratios for the many of maternal characteristics and obstetric risk factors assessed in this analysis remained relatively constant over the 14-year interval. However, the likelihood of cesarean delivery declined over time with respect to common indicators for surgical delivery such as genital herpes, cephalopelvic disproportion, and breech presentation. More importantly, changing attitudes regarding the appropriateness of a vaginal birth after a previous cesarean delivery in this population of infants is evident in the sharp increase noted in the risk of cesarean delivery associated with a history of cesarean delivery during 2001 to 2002 as compared to previous years.
Although it has been reported in the literature that term birth weights are increasing, we found that the proportion of macrosomic infants weighing 4000 to 4999 g has decreased over time. In addition, the median birth weight in our cohort remained unchanged since 1993 to 1996. In light of recent studies indicating that an increasing number of pregnant women are gaining weight in excess of the recommended range, these findings may seem counterintuitive. 15 However, such results may be indicative of the fact that infants are being delivered earlier in gestation thereby mediating any notable elevations in aggregate birth weights. In fact, when gestational age was included as a variable in our regression models, we found that the predicted odds of having a csection decreased significantly with increasing gestational age for all birth year intervals except 1989 to 1992.
In conclusion, fetal macrosomia represents an increasingly important predictor of cesarean delivery in spite of persistent controversy regarding the optimal delivery method for this population of infants. As such, further exploration of the nature of this paradoxical trend is warranted as well as a critical assessment of the relationship between the mode of delivery and subsequent outcomes of macrosomic infants.
